The sequence of 1,100 nucleotides surrounding the transcription Initiation site of a cloned rat ribosomal RNA gene (rDNA) has been determined. The location of the 5' terminus of 45S pre-rRNA was determined by SI nuclease mapping, reverse transcriptase elongation and confirmed by in vitro capping of 45S rRNA and in vitro transcription. Two different plasmid subclones, from two separate genomic clones of rat rDNA, contained the Identical sequence surrounding the transcription initiation site: "'°GGAGATATAT ' GCTGACACGC TGTCCTTTTG* 20 . Relatively long, greater than 15 base pairs, regions of sequence homology were found when the sequences of the initiation regions of rat and mouse rDNA (Urano, Y., Kominami, R., Mishima, Y., and Muramatsu, M., Nucleic Acids Res. £, [6043][6044][6045][6046][6047][6048][6049][6050][6051][6052][6053][6054][6055][6056][6057][6058] 1980) were compared. When both the rat and mouse sequences were compared to that of human rDNA (G. Wilson, personal communication) a sequence of 15 nucleotides immediately following the initiation sites were found to be preserved.
INTRODUCTION
The transcription Initiation sites of several ribosomal RNA (rDNA) genes have been sequenced (2, 6, (18) (19) (20) (21) . Although Miller and Sollner-Webb (1) noted that 5 nucleotides of the initiation sites of the mouse and Xenopus genes were homologous, there was little homology between the remainder of the initiation regions of those two species. The negligible homology among the transcription initiation regions of the ribosomal RNA genes of yeast, Drosophila, Xenopus, and mouse (2) , suggests that the nucleotide signal that directs RNA polymerase I to initiate the transcription of ribosomal DNA varies in a species specific manner (3, 4) . However, since the nucleotide sequence of the Initiation site of only one manmalian ribosomal RNA gene has been reported (2, 5) homologies may exist that have not been reported.
In this study, we have determined the nucleotide sequence surrounding the transcription initiation site of the rat ribosomal RNA gene. One difficulty 1n determining the Initiation sites of the rat and mouse ribosomal RNA genes has been the apparent rapidity of processing of the 5' terminus of the initial transcript (1, 3, 6 ) and the presence of long A-T regions in the DNA. These result both in a very low content of the 5' terminus of the 45S preribosomal RNA and reduce the availability of hybrids that could be used in either SI or primer elongation experiments. By using high concentrations of either total nuclear RNA or nucleolar 45S pre-ribosomal RNA, and by varying the temperatures at which the hybrids were digested with SI nuclease, we have been able to map the transcription initiation site of the rat ribosomal RNA gene. The putative in vivo transcription initiation site was determined by SI nuclease mapping and reverse transcriptase elongation experiments. These experimental findings were supported by in vitro capping of 45S rRNA and in vitro transcription using truncated templates.
MATERIALS AND METHODS
Preparation of Recomfainant DNA, Southern Hybridization and DNA Sequencing.
Separate plasmids, pB4-5.1 and pB7-2.0,were constructed from two genomic clones of rat ribosomal DNA,XChR-B4 and AChR-B7E12 (7), respectively, by standard methods (8) . Plasmid isolation, Southern hybridization, and DNA sequencing were carried out as described previously (9) . Restriction endonucleases were used as recommended by the suppliers, either Bethesda Research Laboratories or New England Biolabs.
Total Nuclear RNA 45S and 18S rRNA Isolation. Total nuclear RNA was Isolated from nuclei prepared by the citric acid method (10) and 45S pre-rRNA was isolated from the nucleoli of Novikoff hepatoma ascites cells and fractionated by sucrose density gradient centrifugation as described earlier (11) . 18S rRNA was isolated from 40S subunits as described by Choi and Busch (12) . RNA was labeled in vitro with y-32 P-ATP and polynucleotide kinase after partial alkaline hydrolysis (13 In Vitro Capping. 45S rRNA, purified through two rounds of sucrose density gradient centrifugation, was capped in vitro using vaccinia virus guanalyl transferase (Bethesda Research Laboratories) 1n 50 pi at 37C under the conditions recommended by the supplier. After 30 minutes, 25 ug of carrier yeast tRNA was added and the reaction mixture was extracted as described (17) and chromatographed on a Sephadex G-50 column that had been equilibrated with 20 mM ammonium acetate. The void peak was lyophilized, resuspended in 20 mM sodium acetate, 0.05* SDS and precipitated with ethanol. The resulting pellet was rinsed with 70% ethanol, dried, suspended in 20 mM sodium acetate and digested with PI ribonuclease or Tl ribonuclease followed by bacterial alkaline phosphatase. The products of the capping reaction and subsequent nuclease digestions were identified by electrophoresis on OE-81 paper in 0.9 N ammonium acetate, pH 3.5 beside standard cap structure (P-L. B1ochem1cals).
In Vitro Transcription. Cell free extracts were prepared from Novikoff hepatoma ascites cells five days after transplantation, as described by Weil et^ al (16) , with the modification that cell and nuclear lysis was performed in a Dounce homogenizer equipped with a type B pestle.
In vitro transcription was carried out 1n 100X reaction volumes containing 5-10 yg plasmid DNA essentially as described by Miller and Sollner-Webb (1), in the presence of 300 ug/ml a-amanitin. After incubation for 30 minutes at 30°C, the transcription products were extracted twice with phenol:chloroform:isoamyl alcohol (25:24:1) and once with chloroform:isoamyl alcohol (24:1), ethanol precipitated, resuspended 1n 99% formamide, heated at 65 C for ten minutes and analyzed by electrophoresis on 4% or 8% polyacrylamide, 7 M urea gels (17) . The molecular size markers were terminally labeled Hae III digests of 4>X 174.
Fingerprinting of In Vitro Transcription Products. After polyacryl amide gel electrophoresis, in vitro transcription products were visualized by autoradiography, extracted from the gel and precipitated (31). The RNA was digested I I I  590  600  610  620  630  610  CCGTTCTTCC ACGCCACGTG CCTCCCCAGT GCAACGCTTC CTTTTTTTTT CTCGCCTCGA   650  660  670  680  690  700  GAAGGGCAAA TTTTTTTTTG TGTGTGTGTG GCAGTGTTAG CGACTTCTTC CCGTGCTCTC   710  720  730  710  750  760  TCTCGCTCTT CTCGCTCGTA TTCCCGTCCA GTGCGTGTTA GAAAGCTCTC ACGCCCGTTG   770  730  790  600  810  820  TTCCCGATGC ATGGCGTGTC TCGCTCCCGT TGGATCGATG TGGTGCTGCC GCGTTCTCTT   830 610 CGGGCCGGGG CCAAGCCGCG CAGGCGA Figure 3 Nucleotide sequence of the region surrounding the transcription initiation site of rat 45S DNA. The nucleotide sequence of the noncoding strand is portrayed and numbered to correspond with the RNA transcript. The A-T rich regions are designated by the dotted lines. Regions of horology between rat and mouse are underlined.
migration distance of the SI resistant fragment was corrected by l>s nucleotides (18), the 5' terminal nucleotide was identified as the G in the sequence, TATGCT.
Reverse Transcriptase Elongation Assays. To examine this result, the 104 bp Hinf I-Hind III fragment (+23 to +124), labeled at the Hind III site, was hybridized to total nuclear RNA and the hybrids extended by reverse transcriptase. The sizes of the products of elongation were determined by coelectro- phoresis on a sequencing gel with the sequence of the Bam HI-Hind III fragment (Figure 5) . The Hinf I-Hind III fragment was extended 23 bp. The multiple bands of approximately the size of the initial Hinf I-Hind III fragment ( Figure 5 ) may be due to premature termination by the reverse transcriptase. This could be due to the relatively low concentration of the template or to its secondary structure. These findings agreed with the SI protection assay results. In control experiments when yeast tRNA was substituted for either 45S rRNA or nuclear RNA, or if RNA was omitted from the hybridization mixture, no SI protection or reverse transcriptase elongation was detectable.
In Vitro Capping. The ability of an RNA molecule to act as the acceptor of a 32 P GTP in a reaction catalyzed by guanylyl transferase is an indication that that RNA contains a 5' polyphosphate terminus, and thus represents the initial transcription product (18) . When Novikoff hepatoma cell 45S RNA was capped in vitro,approximately 5-1O5K of the molecules could be capped. The cap structure was identified following digestion of the RNA with ribonuclease Pi or Ti followed by alkaline phosphatase. Upon electrophoresis on DE-81 paper the products of Pj digestion comigrated with authentic GpppG (Figure 6 ), as did the products of Tj digestion (data not shown). Thus, the 5 1 terminal nucleotide of in vivo synthesized rat 45S RNA was found to be G, as predicted by the SI and reverse transcriptase elongation experiments.
In Vitro Transcription. These results were consistent with data obtained following in vitro transcription of the cloned DNA. When either pB4-5.1 or pB7-2.0, two clones with the inserted fragments 1n reverse orientation, were cleaved with Hind III (+124), Xho I (+637) or Sau 3A (+793), the RNAs synthesized were approximately 124, 640 and 793 bases long, respectively ( Figure 6 ). When pBR 322 DNA was transcribed under similar conditions, an RNA of those The transcripts from the Hind III truncated template was further characterized by fingerprinting the RNA synthesized in vitro in the presence of either a-32 P CTP or a-32 P UTP (Figure 8 ). When the Tj fingerprints of these trans- Figure 6 In vitro capping of 45S RRA. 45S RNA was capped and processed as described in Materials and Methods. The products of the in vitro capping reaction was analyzed by electrophoresis on DE-81. The migration of authentic GpppG is indicated.
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cripts were compared to the DNA sequence of the initiation site (Figure 8 ), only the predicted oligonucleotides were found. A most striking characteristic of this experiment was the absence of oligonucleotides 7, 8 and 10 from the fingerprint of the transcript synthesized with a-32 P UTP as precursor, and the presence of spots A, B and C 1n the fingerprint of the same transcript (compare Figures 8A and B) . Further, the presence of spot 16, (p)ppGp, which was found in the a-32 P CTP transcript ( Figure 8A ), would indicate that the transcript of the H1nd III truncated template was not a product of the processing of a larger transcript, and that the 5' terminal G is adjacent to a C, as predicted by the results of the experiments using in vivo synthesized RNA.
DISCUSSION
The transcription initiation site of rat ribosomal DNA was examined using four separate experimental protocols: SI nuclease protection assays, reverse 1 * a 4 g i 2 sfd .
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